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Abstract 
Pavement damage is usually caused by embankment instability as well as excessive differential settlement. In 
order to take prompt maintenance for both diseases, a monitoring project should be conducted for those 
embankment structures with the hidden danger of diseases, which should be identified and evaluated in advance. 
In this paper, a method of fuzzy evaluation is applied in the evaluation of the hidden danger of both diseases. 
Evaluating index, membership degree and weight are figured out. An evaluation case is given to validate the 
method proposed in this paper. 
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1. INTRODUCTION 
With the development of Chinese economy, pavement performance is more and more important for highway 
service ability. Pavement damage is usually caused by embankment instability as well as excessive differential 
settlement (Cardoso & Witczak, 1991). Without proper maintenance, pavement damage is negative for the traffic 
safety (Muhanna & Rahman, 1998). In order to take prompt maintenance, a monitoring project should be 
conducted for those embankment structures with hidden danger of both diseases, before which the hidden danger 
of diseases of embankment should be identified and evaluated. The evaluation result can be reckoned as the basis 
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danger of both embankment diseases because the influencing factors are very complicated and contribution of the
factors to the hidden danger of diseases is different from each other. In this paper, a method of fuzzy evaluation
has been applied in evaluating the hidden danger of embankment diseases. Because of its quantitative analysis,
the limitation of subjective randomness in evaluation has been avoided.
2. THEORY OF THE EVALUATION METHOD
The evaluation objective is hidden danger of both instability and differential settlement of embankment. The
set of influencing factors for the evaluation objective is defined as follows.
1
Evaluation result set of each factor is classified as four grade to indicate the different severity degree and is 
the top dangerous grade.
2
The fuzzy relationship between U and V can be describe as the matrix R. The element
is the fuzzy evaluation result of certain single influencing factor.
3
4
Actually, contribution of each factor to the evaluation objective is different from others. So weight of each
factor in evaluation should be properly determined. The set of weight is and
5
B=A*R 6
B= 7
8
According to the Principle of Maximum Membership Degree (MMD), is the grade as the evaluation result.
9
3. EVALUATION MODELS AND INDEX
As to theory of Systematic, typical diseases of embankment structure are gestating in a complicated nonlinear 
system which is composed with embankment, subgrade as well as external environment. According to the recent 
research and experience of experts, index and the criterion for fuzzy evaluation of the hidden danger of 
embankment diseases can be listed in Tab.1. And the evaluating models with hierarchical index can be seen in
Fig.1 and Fig.2.The model is layered as 3 layers. The top is evaluation objective and the middle is a development
layer. The bottom is evaluating index which is listed in Tab.1. It is recommended to stratify the model as 3 layers
because excessive layers may probably increase the workload in obtaining information.
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Tab.1 Index and Criterion for Fuzzy Evaluation
Evaluation Objective Index
Criterion for Classification
1 2 3 4
Hidden Danger of 
Instability
Gradient (°) 0-15 15-30 30-45 45
Height (m) 0-5 5-15 15-30
Stability of Sugrade VeryStable Stable Ordinary Instable
Landform Flat Inclined Concave Convex
Symptom of Disease No Few A Few Many
Rain
Intensity
(mm/d) 20-50 50-100
Capacity
(mm) 50-100 100-150
Vegetation Arbor Flourish
Shrubs
Flourish No Arbor No Shrubs
Disasters No Few A Few Many
Hidden Danger of 
Differential Settlement
Height (m) 0-5 5-15 15-30
Quality of Filler Very Good Good Bad Very Bad
Consolidation Very Good Good Bad Very Bad
Groundwater Dry Wet Very Wet Inflow
Effect of Raining Hardly Scouring Infiltration ScouringInfiltration
Stiffness Difference Hardly Little Ordinary Very
Bearing Capacity of 
Subgrade Very Good Good Bad Very Bad
+LGGHQ 'DQJHU RI ,QVWDELOLW\
6XEJUDGH (PEDQNPHQW (QYLURQJPHQWDO
6WDELOLW\
/DQGIRUP
6\PSWRP
RI
'LVHDHVHV
5DLQ
9HJHWDWLRQ
'LVDVWHUV
*UDGLHQW
+HLJKW
Fig.1 Evaluation Model for Hidden Danger of Instability
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Fig.2 Evaluation Model for Hidden Danger of Differential Settlement 
4. MEMBERSHIP DEGREE AND WEIGHT OF INDEX 
The membership degree of qualitative index is obtained through a method of scoring by experts. According to 
Fig.1, the expert makes a judgment and a score for each factor, with which the membership degree is determined. 
 (Liu Aiguang, 2011) is used for determining the 
membership degree of qualitative index. The recommended membership degree of qualitative index is listed in 
Tab.2 and Tab.3. For quantitative index, such as gradient and weight, the membership degree is calculated with 
classic Lower Semi-trapezoid Function (Deng Weidong, 2006).  
Tab.2 The Recommended Membership Degree of Qualitative Index for Evaluating Hidden Danger of Instability 
Index Stability of Sugrade Landform Symptom of Disease 
MD 
Class             
1 0.8 0.2 0 0 1 0 0 0 0.58 0.28 0.1 0.04 
2 0.4 0.5 0.1 0 0.2 0.7 0.1 0 0.28 0.57 0.1 0.05 
3 0 0.2 0.5 0.3 0 0.1 0.7 0.2 0.05 0.1 0.57 0.28 
4 0 0 0.2 0.8 0 0 0.2 0.8 0.04 0.1 0.28 0.58 
Index Vegetation Disasters  
MD 
Class             
1 0.7 0.2 0.1 0 0.9 0.1 0 0     
2 0.3 0.4 0.2 0.1 0.7 0.2 0.1 0     
3 0.1 0.3 0.4 0.2 0.4 0.3 0.2 0.1     
4 0 0.1 0.2 0.7 0 0 0.1 0.9     
Tab.3 The Recommended Membership Degree of Qualitative Index for Evaluating Hidden Danger of Differential Settlement 
Index Consolidation Quality of Filler Groundwater 
MD 
Class             
1 0.8 0.2 0 0 0.85 0.15 0 0 0.7 0.2 0.1 0 
2 0.4 0.5 0.1 0 0.15 0.75 0.1 0 0.3 0.4 0.2 0.1 
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3 0 0.2 0.5 0.3 0.05 0.1 0.6 0.25 0.2 0.3 0.4 0.1 
4 0 0 0.2 0.8 0 0.1 0.15 0.75 0 0.1 0.2 0.7 
Index Effect of Raining Stiffness Difference Bearing Capacity of Subgrade 
MD 
Class             
1 0.8 0.2 0 0 1 0 0 0 0.58 0.28 0.1 0.04 
2 0.4 0.5 0.1 0 0.2 0.7 0.1 0 0.28 0.57 0.1 0.05 
3 0 0.2 0.5 0.3 0 0.1 0.7 0.2 0.05 0.1 0.57 0.28 
4 0 0 0.2 0.8 0 0 0.2 0.8 0.04 0.1 0.28 0.58 
 
Weight, characterizing the contribution of each single index in the evaluation, can be determined by a lot of 
methods, such as Experience Method, Investigation Method, Sensitivity Method, Statistics Method and Analytic 
- (Shu Kang & Liang Zhenhan, 1990) has been applied to 
determine the weight of the index. And the result is listed in Tab.4 and Tab.5. 
 
Tab.4 Weight of Index for Evaluating Hidden Danger of Instability 
Hidden Danger of 
Instability 
Weight of Index 
Development 
Layer 
Bottom 
Layer  
Subgrade 
Symptom of Disease 
0.37 
0.40 
Landform 0.20 
Stability 0.40 
Embankment Gradient 0.39 0.24 Height 0.76 
Environment 
Rain 
0.24 
0.43 
Vegetation 0.25 
Disasters 0.32 
SUM 1  
Tab.5 Weight of Index for Evaluating Hidden Danger of Differential Settlement 
Hidden Danger of 
Differential Settlement 
Weight of Index 
Development 
Layer 
Bottom 
Layer 
Subgrade Stiffness Difference 0.26 0.7 Bearing Capacity 0.3 
Embankment 
Height 
0.50 
0.16 
Quality of Filler 0.56 
Consolidation 0.28 
Environment Groundwater 0.24 0.4 Effect of Raining 0.6 
SUM 1  
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5. APPLICATIONS AND VERYFICATION
Investigations of subgrade diseases have been taken for several highways in the western China during 07/2012
to 01/2003. And GUI-
embankments in GUI-HAI Highway for its going through places of mountains and hills. Along the line, the soft-
soil subgrade and the slope topography are commonly seen. There are plenty of rains in the areas where the line
goes through and the mean raining capacity for years is more than2205mm. We choose 12 sections of 
embankments (listed in Tab.6) as the evaluation objectives in order to verifying the method proposed in this
paper.
Tab.6 Embankments Chosen in GUI-HAI Highway
Serial
Number 1 2 3 4 5 6
Stake
Number K5+300 K66+200 K247+900 K239+606 K234+506 K227+920
Name NO.2Section NO.12Section GoldenMountains Carps Beach
Five Miles
Bridge
Great 
Retaining 
WAll
Height(m) 26.5 31.5 14.0 18.1 16.0 36.0
Serial
Number 7 8 9 10 11 12
Stake
Number K226+220 K211+583 K210+080 K209+915 K193+120 K191+325
Name Tidewater Tunnel
Top of 
Huangmian
Testing
Sections
Double 
Arches 
Culvert
LAboao LiuqingReservoir
Height(m) 35.0 36.1 26.4 20.4 28.8 26.0
We take the section of Tidewater Tunnel (serial number 7) as the example for verification. Detailed 
information obtained in the investigation is listed in Tab.7, through which the index and the evaluation result for 
each one can be determined. According to the method mentioned behind, the result of evaluation for objectives is
also listed in Tab.7. We can see that the hidden danger of instability and the differential settlement are both
classified as a grade, which indicates a pretty much risk for both diseases during the period time. So a 
monitoring project for both diseases is strongly recommended in the section of Tidewater Tunnel.
Tab.7 Evaluation Result of the Section of Tidewater Tunnel
Evaluation Objective
(Section of Tidewater 
Tunnel)
Index Value Evaluation Result for Single Index
Evaluation Result 
for Objective
Hidden Danger of 
Instability
Gradient (°) 1:1.25 2
Height (m) 35.0 4
Stability of Sugrade Stable 2
Landform Flat 1
Symptom of Disease Few 2
Rain Intensity(mm/d) 4
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Capacity
(mm) 4
Vegetation Arbor Flourish 1
Disasters No 1
Hidden Danger of 
Differential Settlement
Height (m) 35.0 4
Quality of Filler Very Bad 4
Consolidation Good 2
Groundwater Dry 1
Effect of Raining Very 4
Stiffness Difference Little 2
Bearing Capacity of 
Subgrade Good 2
6. CONCLUSIONS
In this paper, a method of fuzzy evaluation was applied in evaluating the hidden danger of both instability and
differential settlement of embankment structures. The basic theory of evaluating the hidden danger of 
embankment diseases in a method of fuzzy evaluation is proposed. Index and models for evaluation is also
determined. The model is layered as 3 layers, in which the top layer is evaluation objective and the middle is a 
development layer and the bottom layer is consisting of evaluating index. Membership degree and weight of each
single index in the evaluation models is also figured out. Finally, the method proposed in this paper has been
verified as a correct and proper one in evaluating the hidden danger of diseases of embankment structures.
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